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On tile Mutual Solubility of Salts in Water. 75 

ao and aJo being the resistances at 0 ° and 10 °. According to 
my own results in 1888 we should have 

" 0 - -  0 "10  " " 

-- 1"00876' 

and the value of q0 would be increased from "95331 to about 
"95360, which is rather greater than my value. The value 
• 000876 is given by Benoit for the mean coefficient between 
0 ° and 10 °. 

XII. On the Mutual Solubility of Salts in Water. 
By J. E. T~vo~ *. 

I N T E R E S T  in this problem has been again aroused by a 
new investigation by Dr. W. W. J. Nicol ?, in which is 

presented a review of the older literature, together with new 
solubility determinations and a series of interpolation formulm 
to express the results. Inasmuch as no mention is made of 
the recent investigations which have shed so much light 
upon this hitherto dark subject, I take this opportunity to 
call attention to the solidly grounded explanations which 
characterize the more recent progress in the study of the 
complicated phenomena which are here presented. 

That the addition of a salt to the saturated solution of 
another sometimes increases, sometimes diminishes the solu- 
bility of the latter, has been long known. The explanation was 
first given in 1889 by :Nernst :~, in a simple application of 
the famous Law of Mass Action § to the conditions of electro- 
lyric dissociation shown by Arrhenius [I to exist in aqueous 
solutions of electrolytes, to which class of bodies the inorganic 
salts belong. This theory~ as is well known, indicates the 
necessity for assuming the dissociation of a certain portion of 
the dissolved electrolyte into its ions~ and is intimately con- 
nected with the van't ttoff theory of osmotic pressure ¶, which 
shows the entire analogy between the conditions of bodies in 
gaseous form and in solution. The undissociated dissolved 
molecules and the dissociated ions produce the same pressure 
effects as the undissociated and dissociated molecules of a 
gas. Direct application of the laws of gases explains the 

* Communicated by the Author. 
t Phil Mag. 1891,xxxi. p. 369. 
1: Nernst~ Zeitschriftfiir phys. Chemle, iv. p. 372. 
§ Theory of Guldberg and Waage. 
I] Arrhenius, Zeitschr.fiirphys. Chem. i. p. 631. 

¶ Van't ttoff, Zeitschr.fi~rphys. Chem. i. p. 481. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
7:

04
 2

1 
Ju

ne
 2

01
6 



76 Mr. J. E. Trevor on tlle Mutua~ 

phenomena of solution. I f  to a saturated volume of a partially 
dissociated gas be added one of its gaseous dissociation pro- 
ducts, as for example :NH3 to dissociated :NH4CI vapour, the 
partial pressures of this constituent are added together and 
the dissociation is decreased, solid ammonium chloride is pre- 
clpitated. An indifferent gas, as nitrogen, produces no such 
ef~bct. In the same way, if one of the dissociated ions be added 
to the saturated solution of a dissociated salt, the dissociation 
will decrease and solid salt will be precipitated. For example, 
in Dr. :Nicol's experiment with the chlorides : in KC1 solution 
a considerable proportion of the salt molecules are dissociated 
into K and C1 ions. Cl ions alone cannot be added to the 
solution ; addition of ~aC1, however, adds C1 ions, together 
with an equivalent amount of Na ions, which latter act in- 
differently, just as the nitrogen in the case of dissociated 
ammonium chloride. The partial (osmotic) pressure of these 
C1 ions is added to that of those already present and solid 
salt is precipitated, the solubility of the KC1 is decreased. 

This consideration applies ge~'~erally to cases of the mutual 
influence of dissociated bodies with a common ion upon the 
solubilities of one another, including Dr. :Nicol's "Fresh  field 
of investigation" in determining the solubilities of one salt 
in solutions of various degrees of concentration of another. 
The requirements of the theory have been shown by :Nernst s 
and Noyes t to hold ~uantitatively in cases of rather slightly 
soluble substances, as, for example, a Brom-iso-cinnamic acid 
with oxanilic acid, AgBrQ with AgbTO,~ and KBrQ,  and 
many more. In the cases of very soluble salts, where the 
osmotic pressure is measured by [mndreds of atmospheres, 
the question becomes far more complicated, owing to the 
serious variations from the simple laws of gases, which are 
manifested at such high pressures in solutions as well as in 
gases proper. For this reason it is impossible to calculate 
quantitatively the results in the cases which Dr. Nicol has 
given, yet without the simple explanation which the above- 
mentioned recent researches have made clear~ the phenomena 
would be entirely unintelligible, for in the case of any pair 
of salts it could not be foreseen whether an increase or de- 
crease of mutual solubility would take place. A continuation 
of this line cf work has brought a siml~le explanation of those 
anomalous cases where the solubility of an electrolyte is in- 
creased by the addition of a dissociated body with a common 
ion. A striking example is the strong increase in the solu- 

* Nernst, Zeitschr.f~rphys. 6'hem. iv. p. 372. 
t Noyes, Zeitschr.fiirphys. Chem. vi. p. 241. 
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Solubility oat" Salts in Water. 77 

bility of mercuric chloride (HgCl2) caused by the addition of 
hydrochloric acid (with the common C1 ion) to the solution. 
For this and a number of allied cases the explanation has 
been showu by Le Blanc and •oyes ~" to lie in the combina- 
tion of H~CI~ and HCI to form double molecules, a different 
substance with a different solubility. The determinations 
were made by observation of the freezing-points of the 
solutions, the lowering of the freezing-point being, as has 
been shown by Raoult and others t ,  a tunction of the nmnber 
of molecules (or free ions) in the solution. 

Further work in this same direction :~ has app'.ied, with 
quantitative results, the Law of Mass Action to cases of the 
mutual influence of the solubilities of pairs of salts which do 
not possess a common ion. This work is of extraordinary 
interest, since without the above indicated theoretical explana- 
tion the observed phenomena would seem entirely without 
meaning, the results could not in an)" way be foreseen. The 
possibility of quantitative experiment is in this entire field 
limited only by such concentrations which produce an osmotic 
pressure in the solution not so great that  the laws of gases no 
longer hold. 

That these results already obtained agree over such a range 
as that including inorganic salts and organic acids is strong 
evidence for the soundness of the assumptions upon which the 
work is based, more especiall)" so since, so far as my informa- 
tion goes, no other explanation whatever has been able to 
account for the fhcts. 

I t  will be of interest to state that the above developed con- 
siderations explain the action of a method used by Dr. Nicol 
in purifying the chlorides and nitrates used by him, that of 
precipitating the former by hydrochloric acid and the latter 
by nitric acid. In this case the common ion CI or :N0a added 
decreases, in the way explained, the solubility of the salt, 
which is consequently precipitated. In the same way, to 
increase the insolubility of a precipitate a little sulphuric acid 
is by analysts added to the wash-water in washing out lead 
sulphate, or, in general, an addition of some &the precipitating 
reagent to increase the insolubility of a precipitate. 

As bearing upon this qnestion I take the opportunity to 
communicate some results recently obtained by me § in a case 
of nmtual solubility where the formation of a double salt is 

* Le Blanc and Noyes, Zeitschr.fiirphys. Chem. vi. p. 385. 
J- R~oult~ Ann. ch~m. ph!ls. [6] it. p. 66; also Arrhenius~ Zeitsehr.fiir 

phys. CTtem. i. p. 647. 
Noyes, Zeitsehr.fiir phys. Chem. vi. p. 262. 

§ Trevoa', Zeitschr. fiir ph~s. Chem. vii. p. 468. 
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78 On the Mutual Solubility of Salts in Water. 

possible. The salts chosen were the sulphates of potassium 
and copper, from whose common solution, the well-known 
double salt K~Cu(SO4)~.6H~O is easily obtained. That the 
components were not, at least to an appreciable extent, com- 
bined to double molecules in the concentrated solution of 
the double salt, was shown by the possibility of separating 
them by diffusion; and the interesting fact was further 
brought out, that a saturated solution of the two salts together 
was possible, in which both were present in the approximate 
ratio of their separate solubilities; this condition of solution 
was, however, rendered unstable by the tendency of the more 
insoluble double salt to crystallize out. This result had been 
already foreseen and theoretically explained by Ostwald *. 
It was further shown that either salt, added in solid form, 
will not drive the other entirely out of its saturated solution, 
as had been maintained by Riidorff, but that in each case a 
definite state of equilibrium occurs where the solution is not 
changed by further additions. These equilibria are the same 
whether the salts be added each to the saturated solution of 
the other, or directly to that of the double salt. 

By such investigations as the one jus~ quoted, by means of 
diffusion, and more particularly by the method of determina- 
tion of the lowering of the freezing-point of solutions, made 
use of by Le Blanc and Noyes, arc the answers brought to the 
objection of Dr. •ieol that we cannot tell whether the double 
molecules be formed in the solution or only at the moment 
of separation of the solid salt. 

To answer this objection it is not even necessary to assume 
the electrolytic dissociation; the simple fact shown by Riidorff, 
whose work Dr. Nicol quotes, that from saturated double salt- 
solutions the constituent salts may be separated by diffusion, 
demonstrates that the double molecules cannot to an appreci- 
able extent be present. 

The main question, however, that of reciprocal solubilities, 
has, as I have endeavoured to point out, already been answered. 
The extension of the theory quantitatively to concentrated 
solutions of very soluble salts is seriously complicated by the 
variations from the simple laws of gases which occur with 
the high osmotic pressures there found, and this extension 
must come from a study of these variations and not from 
the building up of interpolation formulm to represent solu- 
bilities. 

University Laboratory of Pl~csical Chemistry, 
Leipsic, Germany, May 1891. 

* 0stwald, Allgemelne Chemie~ 2 Auf. vol. i. pp. 1076-1078. 
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